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Abstract 
With the development of social economy, increasing concern has been paid to environment pollution. However, 
during previous studies of environmental pollution, the single index has always been used to measure pollution level, 
such as industrial SO2 emissions, industrial waste water emissions and so on. What is more, the singular index can 
only explain some aspect of environment pollution accurately, and is incapable of addressing the comprehensive 
environment pollution level. Therefore, this paper adopts a new way to structure the comprehensive environmental 
pollution index (EPI) to reflect the overall pollution level and analyze Chinese environmental pollution based on 
provincial panel data from 2003 to 2008, where the result concluded is consistent with EKC theory. 
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1. Introduction 
During  the process of economic development, it  is unavoidable to encounter many environment 
problems such as the depletion of resources and the damage to the environment. According to the 
investigation of World Bank, there are about eight to twelve percent of China’s GDP which is consumed 
by the “crisis of environment” in China annually, and thirteen of the world’s twenty most populated cities 
in China ˄World Bank, 2006 [1]˅. Moreover, the environmental problems which gradually appeared in 
certain periods of the developed countries’ industrialization are explosively emerging in  China and 
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characterized to be structural, complex and constrictive. The same conditions are also o bserved in other 
developing countries. 
Considering this, it is important to include environmental problems into the current economic study. 
However, the tradit ional single-index can only exp lain some aspect of environment pollution such as 
industry SO2 emission and industrial waste water emission, and is incapable of reflecting the degree of the 
entire environment pollution, therefore, the related studies which adopt the single index can not achieve 
results as efficient as the comprehensive index (Esty etal,  2005 [2]). For these reasons, this paper 
structures a new comprehensive pollution index to reflect the entire range of environmental pollution, and 
then analyzes the pollution level in China which can provide an empirical basis for other related studies . 
2. Structure and Calculation of EPI 
2.1. Structure 
Table1. The Structure of EPI 
Dimensions Index Number 
The emission status of industrial 
wastewater 
total emission of industrial wastewater per capita#, volume up to the Standards^, 
COD in the emission of industrial wastewater per capita#, the volume of 
ammonia Cal and nitrogen in industrial waste water #. 
4 
The emission status of industrial 
waste gas 
industrial waste-gas emissions per capita#, sulfur dioxide emissions in industrial 
waste-gas per capita#, industrial soot emissions per capita#, industrial dust 
emissions per capita#. 
4 
The emission status of industrial 
solid waste 
industrial solid wastes emissions per capita#, industrial fixed wastes emissions 
per capita#, industrial solid toxic wastes emissions per capita#, the 
comprehensive utilization rate of industrial solid wastes^. 
4 
The status of air quality pellet concentration#, sulphur dioxide concentration #, carbon dioxide 
concentration#ǃdays attained the GRADE II for urban air quality^. 
4 
The status of emission and 
charging for household garbage 
household emissions of sulfur dioxide per capita#, household emissions of soot 
per capita#, household emissions of wastewater per capita#, COD of household 
wastewater per capita#, ammonia Cal and nitrogen in household wastewater 
emissions per capita#, harmless disposal rate of household garbage ^. 
6 
The status of energy consumption power consumption Per Capita #, Energy intensity Per GDP #. 2 
To sum up 24 
According to the procurability of the data, the comprehensive utilization rate of industrial solid waste and the air quality 
situation are measured by the relative indicators from the main cities of every cities; in accordance with the charact eristics of the 
indexes, ˄ #˅and ˄ ^˅means that they are applied to the equation (1) and equation(2) to calculate the dimension respectively. 
 
It is known that every pollutant is measured differently, and then different indexes are not additive. 
The non-additivity among different pollutants makes it difficult to measure the comprehensive pollution 
level with the single-index. However, this paper structures the index of EPI (Environment Pollution Index) 
by methods of data standardization and range transformation to remove the different d imensions which 
measures the pollution level by 24 po llution indexes from six dimensions such as industrial wastewater, 
industrial waste gas, industrial solid waste, domestic wastes, air quality and energy consumption. 
This comprehensive index measures the status of environmental quality in accordance with the 
equation (1) and (2) and (3) and (4) as follows: 
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In the equation (1) (2) (3) (4), ijEX  and ijEPIX  and jEPI  stand for the relat ive indexes of the j 
province and the i dimension, while the *** , ii XX  for the relative maximum and the min imum given. 
Apparently, the index of ijEX  removes the dimensions of different indexes and makes them additive, 
and then it is possible to structure the index of EPI to reflect the environmental pollution level entirety. 
Finally, the index of ijEPIX  measures the pollution level of the i dimension which has several kinds of 
pollutants, and then the index of jEPI  can measure the pollution level from the six dimensions. 
2.2. Data 
This paper adopts the panel data which contains both sectional data and time-series, since that during 
the process of the empirical study, it is necessary to get as many data points as possible and the pollution 
level which would change as the development of economics goes on is time sequential to some extent. 
According to the availability of data, the panel data used in this paper is from thirty provinces in  China 
excluding Tibet from the period 2003 to 2008, and all the data is collected from < China Statistical Year 
Book > and < China Statistical Year Book on Environment > from 2004to 2009 [3,4]. 
2.3. Econometrical Result 
From the table 2, we can get the values of EPI and the relative orders fo r every province in China from 
2003 to 2008. The first five areas by the index of EPI are Hainan, Yunnan, Jiangxi, Anhui and Fujian 
which are ranked 18th, 28th, 27th, 25th and 10th by GDP Per Capita. However the last five areas by EPI are 
Inner Mongolia, Qinghai, Ningxia, Shanxi* and Xinjiang which are ranked 12th,23th,21st,15th,11th by GDP 
Per Capita respectively. Specially, it is necessary to mention that Hainan which is ranked 18th by GDP Per 
Capita and 1st by EPI has the best performance from the aspects of industrial waste water, industrial waste 
gas and industrial solid wastes and air quality. This paper considers that the best performance both in EPI 
and GDP Per Capita can be attributed to the well developed travel industry  in Hainan. 
The top five areas by GDP Per Capita are Shanghai, Beijing, Tianjin, Zhejiang and Jiangsu which are 
ranked 25th,16th,22nd,21st,19th by EPI respectively, While the bottom five areas by GDP are Guizhou, 
Gansu, Yunnan, Anhui, Shanxi*, which are ranked 8th,2nd,20th,3rd,15th by EPI, respectively. Particularly, it 
is surprising to find that Yunnan ranks near the bottom by GDP Per Capita, but performs well by EPI , and 
this can be contributed to its leading industry—tobacco, which has been proven to be environmental-
friendly. 
As for the relationship between economic growth and environmental problems, the early study was 
made by Grossman and Krueger (1991) [5], during the negotiation of NATFA (North American Free 
Trade Area), they analyze whether free trade which  would deteriorate the Mexican environment can do 
some damage to the American environment or not, and they point out that the pollution level would 
increase as GDP Per Capita rises in less developed regions, but decrease in the highly -developed regions. 
Panayotou (1993) [6] p roposed the Environmental Kunzites Curve (EKC) to describe that environmental 
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quality would be deteriorated in accordance with the increasing of GDP Per Capita, and improved when 
income level rises to a certain degree. 
Table 2. EPI for every province in China (the average from 2003 to 2008) 
province area Industrial 
wastewater 
Industrial 
waste gas 
Industrial 
solid waste 
Household 
garbage 
Air 
quality 
Energy 
Consumption 
EPI GDP Per Capita 
˄CNY˅ 
Liaoning Northe
ast 
0.2949 
˄22˅ 
0.3842 
˄27˅ 
0.2243 
˄27˅ 
0.3171 
˄28˅ 
0.4015 
˄14˅ 
0.2950 
˄15˅ 
0.3195 
˄24˅ 
21396.50 
(9) 
Jilin 0.2728 
˄18˅ 
0.1948 
˄15˅ 
0.0831 
˄13˅ 
0.3003 
˄26˅ 
0.2522 
˄5˅ 
0.2120 
˄11˅ 
0.2192 
˄9˅ 
17184.33 
(13) 
Heilongjian
g 
0.2259 
˄8˅ 
0.1867 
˄11˅ 
0.07545 
˄9˅ 
0.3360 
˄29˅ 
0.4511 
˄21˅ 
0.1269 
˄5˅ 
0.2337 
˄12˅ 
22561.00 
(8) 
Beijing East 0.1328 
˄1˅ 
0.0920 
˄2˅ 
0.0656 
˄8˅ 
0.2258 
˄18˅ 
0.6360 
˄30˅ 
0.3014 
˄17˅ 
0.2423 
˄16˅ 
48845.83 
(2) 
T ianjin 0.2657 
˄16˅ 
0.2634 
˄23˅ 
0.0919 
˄17˅ 
0.2467 
˄19˅ 
0.4582 
˄22˅ 
0.3385 
˄19˅ 
0.2774 
˄22˅ 
39086.50 
(3) 
Hebei 0.2793 
˄20˅ 
0.3203 
˄25˅ 
0.1684 
˄25˅ 
0.1583 
˄6˅ 
0.5061 
˄26˅ 
0.3590 
˄22˅ 
0.2986 
˄23˅ 
16412.67 
(14) 
Shanghai 0.2372 
˄10˅ 
0.2242 
˄20˅ 
0.1264 
˄23˅ 
0.5445 
˄30˅ 
0.4166 
˄16˅ 
0.4084 
˄25˅ 
0.3262 
˄25˅ 
56021.83 
(1) 
Jiangsu 0.2982 
˄24˅ 
0.1976 
˄17˅ 
0.0814 
˄12˅ 
0.1774 
˄11˅ 
0.4465 
˄19˅ 
0.3423 
˄20˅ 
0.2572 
˄19˅ 
27434.33 
(5) 
Zhejiang 0.3788 
˄28˅ 
0.1966 
˄16˅ 
0.0503 
˄4˅ 
0.137 
˄5˅ 
0.4784 
˄24˅ 
0.4140 
˄26˅ 
0.2759 
˄21˅ 
30666.33 
(4) 
Fujian 0.2734 
˄19˅ 
0.1348 
˄6˅ 
0.0806 
˄11˅ 
0.2106 
˄17˅ 
0.2355 
˄4˅ 
0.2967 
˄16˅ 
0.2053 
˄5˅ 
21144.00 
(10) 
Shandong 0.2298 
˄9˅ 
0.1978 
˄18˅ 
0.0992 
˄20˅ 
0.1174 
˄2˅ 
0.4385 
˄18˅ 
0.3119 
˄18˅ 
0.2324 
˄11˅ 
22531.00 
(7) 
Guangdong 0.2491 
˄13˅ 
0.1265 
˄4˅ 
0.0432 
˄2˅ 
0.3112 
˄27˅ 
0.4481 
˄20˅ 
0.3644 
˄24˅ 
0.2571 
˄18˅ 
27022.69 
(6) 
Hainan 0.1575 
˄2˅ 
0.0296 
(1˅ 
0.0059 
˄1˅ 
0.2506 
˄20˅ 
0.0248 
˄1˅ 
0.1236 
˄4˅ 
0.0987 
˄1˅ 
12395.6 
(18) 
Inner 
Mongolia 
West 0.3082 
˄25˅ 
0.6660 
˄30˅ 
0.2692 
˄28˅ 
0.2567 
˄22˅ 
0.3705 
˄13˅ 
0.5819 
˄29˅ 
0.4088 
˄28˅ 
19466.17 
(12) 
Guangxi 0.4988 
˄29˅ 
0.2765 
˄24˅ 
0.0883 
˄15˅ 
0.2054 
˄16˅ 
0.2673 
˄7˅ 
0.1062 
˄1˅ 
0.2404 
˄15˅ 
10039.17 
(26) 
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Table 2 (Continued) 
province area Industrial 
wastewater 
Industrial 
waste gas 
Industrial 
solid waste 
Household 
garbage 
Air 
quality 
Energy 
Consumption 
EPI GDP Per Capita 
˄CNY˅ 
Chongqing West 0.2935 
˄21˅ 
0.2135 
˄19˅ 
0.0841 
˄14˅ 
0.1612 
˄7˅ 
0.5572 
˄29˅ 
0.1859 
˄8˅ 
0.2492 
˄17˅ 
12309.83 
(19) 
Sichuan 0.2483 
˄12˅ 
0.1533 
˄8˅ 
0.0790 
˄10˅ 
0.164 
˄8˅ 
0.4599 
˄23˅ 
0.1740 
˄7˅ 
0.2126 
˄7˅ 
10435.50 
(24) 
Guizhou 0.1864 
˄3˅ 
0.1883 
˄12˅ 
0.1944 
˄26˅ 
0.1366 
˄3˅ 
0.2588 
˄6˅ 
0.3503 
˄21˅ 
0.2191 
˄8˅ 
5794.33 
(30) 
Yunnan 0.1929 
˄4˅ 
0.1041 
˄3˅ 
0.1081
˄21˅ 
0.0862 
˄1˅ 
0.1666 
˄2˅ 
0.2238
˄12˅ 
0.1666 
˄2˅ 
8802.50 
(28) 
Shanxi 0.2101 
˄7˅ 
0.2353
˄21˅ 
0.0911
˄16˅ 
0.1740
˄10˅ 
0.2271 
˄3˅ 
0.1971 
˄9˅ 
0.2271
˄10˅ 
11752.33 
(22) 
Gansu 0.2591 
˄15˅ 
0.1775 
˄10˅ 
0.0967 
˄19˅ 
0.1913 
˄13˅ 
0.2722 
˄8˅ 
0.2799 
˄14˅ 
0.2722 
˄20˅ 
8447.50 
(29) 
Qinghai 0.3092 
˄26˅ 
0.3539
˄26˅ 
0.4200 
˄30˅ 
0.1644 
˄9˅ 
0.3387
˄12˅ 
0.4251 
˄27˅ 
0.3387 
˄27˅ 
11582.00 
(23) 
Ningxia 0.5895 
˄30˅ 
0.6200 
˄28˅ 
0.0952 
˄18˅ 
0.1970 
˄14˅ 
0.4311 
˄17˅ 
0.7555 
˄30˅ 
0.4311
˄30˅ 
11954.17 
(21) 
Xinjiang 0.3290 
˄˅ 
0.2627 
˄˅ 
0.1310 
˄˅ 
0.2569 
˄˅ 
0.3283 
˄˅ 
0.3629 
˄˅ 
0.3283 
˄˅ 
20634.67 
 
Shanxi* Middle 0.2725 
˄˅ 
0.6339 
˄˅ 
0.3425 
˄˅ 
0.2676 
˄˅ 
0.5119 
˄˅ 
0.5169 
˄˅ 
0.4242 
˄˅ 
13890.83 
 
Anhui 0.2008 
˄5˅ 
0.1321 
˄5˅ 
0.0526 
˄5˅ 
0.1913 
˄12˅ 
0.2816 
˄9˅ 
0.1452 
˄6˅ 
0.1673 
˄3˅ 
10008.67 
(27) 
Jiangxi 0.2088 
˄6˅ 
0.1575 
˄9˅ 
0.1149 
˄22˅ 
0.1994 
˄15˅ 
0.2978 
˄10˅ 
0.1168 
˄3˅ 
0.1825 
˄4˅ 
10395.50 
(25) 
Henan 0.2458 
˄11˅ 
0.1911 
˄13˅ 
0.0489 
˄3˅ 
0.1374 
˄4˅ 
0.4040 
˄15˅ 
0.2243 
˄13˅ 
0.2086 
˄6˅ 
12783.25 
(17) 
Hubei 0.2551 
˄14˅ 
0.1422 
˄7˅ 
0.0540 
˄7˅ 
0.2513 
˄21˅ 
0.5217 
˄28˅ 
0.2099 
˄10˅ 
0.2390 
˄14˅ 
13178.11 
(16) 
Hunan 0.2950 
˄23˅ 
0.1913 
˄14˅ 
0.0536 
˄6˅ 
0.2868 
˄25˅ 
0.4900 
˄25˅ 
0.1077 
˄2˅ 
0.2374 
˄13˅ 
12247.00 
(20) 
 
According to the orders by EPI from the east to west in  China, it is concluded that the environment 
quality of the west is worse than in the middle and eastern regions. We can also find that the areas which 
develop well in  economic construction perform badly  regard ing the environment such as Liaoning (9th by 
GDP per Capita and 24th by EPI), Tianjin (3rd by GDP per Capita and 22nd by EPI), and Shanghai (1st by 
GDP per Capita and 25th by EPI), and the  less developed areas performs well in  Environment equality 
such as Anhui(27th by GDP per Capita and 3rd by EPI) and Jiangxi (25th by GDP per Capita and 4th by 
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EPI), which is consistent with the left part of the tradit ional EKC (Environment Kuznets Curve) theory. 
There are also some areas which performs well both in economic development and environment quality 
such as Beijing (2rd by GDP Per Capita and 16th by EPI), Fujian (10th by GDP Per Capita and  5th by EPI) 
and Shandong (7th by GDP Per Capita and 11th by EPI), which is in accordance with the right part of the 
curve of EKC. 
3. Conclusions 
This paper has structured the new index of EPI which removes the dimensions of different pollutants 
and makes these indexes additive, and then the index of EPI can entirely measure the regional 
comprehensive pollution level from six dimensions such as industrial wastewater, industrial waste gas, 
industrial solid waste, domestic wastes, air quality and energy consumption. Finally, EPI is applied to 
Chinese provincial data from 2003 to 2008 to measure the pollution level for every province, and it is 
concluded that the environmental quality around China is unbalanced with the west being worse t han the 
middle and eastern regions. Considering the provincial economic development, it is concluded that the 
result is consistent with the theory of EKC which is confirmed  in  China by most of the prev ious 
literatures, therefore, the index of EPI structured in this paper is effective and can be used in the current 
empirical studies. 
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